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It is characterized by chemical and sometimes clinical hyperthyroidism, without evidence of thyroid autoimmunity that resolves
spontaneously by 16 weeks gestation without signiﬁcant obstetrical complications.
1.Introduction
CommonPresentation. 26y/owomen,G1,P0,at8weeksges-
tationpresentstothephysicianwitha3weekshistoryofnau-
sea and vomiting, weight loss of 2kg., unable to tolerate solid
foods, mild hands tremor, and palpitations with a pulse rate
of 104 beats per minute. Serum TSH 0.02mIU/L and FT4
2.8ng/cl (0.9–1.8).
For the last few years, thyroid function tests have been
frequently requested in early pregnancy because of physi-
cians’ awareness of potential obstetrical complications, both
maternal and fetal, with an additional concern about the
neuropsychological well-being of children born of mothers
with thyroid dysfunction. Although universal screening is
notrecommendedbysomeobstetricandendocrinesocieties,
an aggressive detection program based on medical history
and physical examination (presence of goiter) is encouraged.
The interpretation of thyroid function tests in early preg-
nancy needs to be assessed in the context of the physiopatho-
logical changes taking place. Perhaps the most striking dif-
ference in normal pregnancies, from nonpregnancy thyroid
test values, is the signiﬁcant lowering of serum TSH, due to
TSH-like activity of human chorionic gonadotropin (hCG).
Serum TSH in the ﬁrst trimester, particularly between 7 and
12 weeks gestation, fall to a nadir and present a mirror image
with peak hCG values [1–3]. In a recent review, the lower
normal TSH limit of approximately 0.03–0.08mIU/L in the
ﬁrst trimester of pregnancy was derived from several stud-
ies using trimester-speciﬁc reference ranges [4]. Therefore,
a “low serum TSH” in the ﬁrst trimester of gestation should
be considered “physiologic” in the presence of normal se-
rum-free thyroxine (FT4) value. The exception could be a
woman with T3 hyperthyroidism due to an autonomous
or “hot” thyroid nodule. Thyroid tests in the hyperthyroid
range may be seen in the ﬁrst trimester of pregnancy in
women without previous or present history of Graves’ dis-
ease; they present to the consult with a clinical spectrum
from no symptomatology, to morning sickness, to diﬀerent
degrees of vomiting sometimes severe as in the syndrome
of hyperemesis gravidarum. Thyroid tests could be quite
abnormal, presenting a challenge to the physician in the
diﬀerential diagnosis and management of such individuals.
In this paper, we will discuss the following:
(i) deﬁnition,
(ii) causes or etiologies,
(iii) clinical and laboratory diagnosis,
(iv) management.
An emphasis will be placed on early series of women af-
fected, on the diﬃculty in the diﬀerential diagnosis from
Graves’hyperthyroidismanditsmanagement,andontheev-
olution of the role of hCG in its pathogenesis through the
years.
We decided to use the term “transient nonimmune hy-
per-thyroidism of early pregnancy” because of its multiple2 Journal of Thyroid Research
Table 1: Transient nonautoimmune hyperthyroidism in early preg-
nancy.
(i) Normal pregnancy
(ii) Mild nausea and vomiting
(iii) Hyperemesis gravidarum (transient hyperthyroidism of
hyperemesis gravidarum)
(iv) Twin or multiple pregnancies
(v) Mutation in the TSH Receptor
(vi) Hyperplacentosis
(vii) Hyperreactio luteinalis
(viii) Hydatidiform mole
(ix) Choriocarcinoma
etiologies although the etiology related to hyperemesis gravi-
darum is the most common. Diﬀerent names have been sug-
gestedforthisclinicalentity.In1992,Goodwinetal.usedthe
term “transient thyrotoxicosis of hyperemesis gravidarum”
[5, 6]; “gestational thyrotoxicosis” was proposed in 1993 as a
new clinical entity by Kimura et al. [7]. Other nomenclatures
were and are still employed when describing the syndrome,
such as gestational hyperthyroidism (GH) and gestational
transient thyrotoxicosis (GTT). In most of these reports, the
common ﬁndings are vomiting of diﬀerent intensity and
thyroid tests in the hyperthyroid range without evidence of
thyroid autoimmunity.
2. Deﬁnition
Hyperthyroidism diagnosed for the ﬁrst time in early preg-
nancy, transient, without evidence of thyroid autoimmunity,
lack of physical ﬁndings consisting with Graves’ disease,
resolvingspontaneouslybytheendoftheﬁrstorearlysecond
trimester of pregnancy.
3.Etiology
In the ﬁrst trimester of pregnancy, several situations may
present in which thyroid tests are consistent with hyper-
thyroidism in the absence of either autoimmune thyroid
disease or an autonomous or functioning thyroid adenoma
(Table 1).
3.1. Morning Sickness (Nausea and Vomiting) in Early Preg-
nancy. Mori et al. [8] reported in 1988 the relationship
between morning sickness and thyroid function in pregnan-
cies not aﬀected by autoimmune thyroid disease. They stud-
ied 132 women in early pregnancy and compared them to 20
nonpregnant controls. Pregnant women were grouped in (a)
no symptoms, (b) nausea only, and (c) nausea and vomiting.
Serum-free T4 (FT4), hCG and serum thyrotropin stimu-
lating hormone (TSH) with assay sensitivity of 0.1μU/m
were measured. The authors concluded that the increased
serum concentration of free T4 and hCG and decreased
serum TSH correlated with the severity of morning sickness.
Unfortunately, the authors did not report the percent of
patients in each group with values outside the normal range.
Transient hyperthyroidism of hyperemesis
gravidarum (THHG)
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Figure 1: A representative example of transient hyperthyroidism of
hyperemesis gravidarum. By week 6, vomiting begins and becomes
severe by week 10. Serum-free thyroxine (T4) index is elevated and
thyrotropin is suppressed. By weeks 16 to 18, vomiting subsides
with marked improvement of the free T4 index value. During this
period, the patient loses 3.6kg. By week 18, the serum free T4 index
returns to normal, but the serum thyrotropin remains suppressed
until week 26. Patient regains and gains weight with a term delivery
of a healthy infant. The gray band indicates reference range. LNMP:
last normal menstrual period. Patil-Sisodia and Mestman [12].
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Figure 2: Relation between peak nausea and vomiting symptoms
and human chorionic gonadotropin (hCG) levels. Niebyl [10].
3.2. Transient Hyperthyroidism of Hyperemesis Gravidarum
(THHG). Hyperemesis gravidarum (HG) is reported to
o c c u ri n0 . 3 %t o1 . 0 %o fp r e g n a n c i e s ;i ti sd e ﬁ n e da sp e r s i s -
tentnauseaandvomiting resultingingreaterthan5%weight
loss, ketonuria, dehydration, and electrolytes (hypokalemia,
metabolic alkalosis, hyponatremia, and hypochloremia), and
liver abnormalities in severe cases [9, 10]. The onset of
nausea is within 4 weeks after the last menstrual period, with
worsening by 9 weeks gestation, resolution by the end of
the ﬁrst trimester in 60% of cases, and complete resolution
by 20 weeks in the vast majority of women (Figure 1).
Decreased risk of miscarriage has been reported in women
with nausea and vomiting [11]. The clinical course of nausea
and vomiting during pregnancy correlated closely with the
level of hCG (Figure 2)[ 10]. The cause of nausea and
vomiting is unclear although high levels of estrogen and/or
Vitamin B deﬁciency have been implicated.Journal of Thyroid Research 3
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Figure 3: Serum hCG and TSH as a function of gestational age
Glinoer et al. [1].
Ethnic variation in the incidence of HG has been sug-
gestedbyseveralstudies.Forexample,abirthregistryinNor-
way from 1967 to 2005, revealed an overall prevalence of
0.9%; however, when broken down by ethnicity, it aﬀected
2.2% of Pakistani women; 1.9% of Turkish women, and
0.5%ofNorwegianwomen[14];aCaliforniastudysuggested
a lower incidence in Caucasian and Latina women as
compared to nonwhites or non-Hispanics [15]. A familial
aggregation was suggested by Zhang et al. [16] in a study
in which women were recruited through advertising on the
Hyperemesis Education and Research Foundation Web Site.
In their study, sisters of women with HG have a signiﬁcantly
increased risk of having HG themselves (OR, 17.3; P =
0.005); mothers were also more aﬀected than controls 33%
versus 7.7% (P<0.001). The authors suggested that the
study provides strong evidence for a genetic component of
HG. A report from the same group, described three women
with a history of HG, developing severe nausea and vomiting
during ovarian stimulation for gestational surrogacy [17].
In a high percent of women aﬀected by HG, (30 to 73%),
abnormal thyroid tests consistent with hyperthyroidism are
detected; indeed, HG is the most common cause of THHG.
The incidence of hyperthyroidism depends on the severity
of symptoms, ethnic background, perhaps dietary iodine
intake, interpretation of thyroid tests, and other unknown
factors. The diagnosis of THHG is based on the presence
of clinical and physical clues: the most common physical
ﬁndings are tachycardia which is the result of dehydration
and improved after ﬂuid and electrolytes replacement, with
average pulse rate of about 100bpm after hydration in the
vast majority of patients; ﬁne tremor of ﬁngers may be
p r e s e n ta sw e l la sm i l dp r o x i m a lw e a k n e s s .I nc a s e sw i t h
signiﬁcant elevations of thyroid hormones, particularly in
those with high serum T3 values, other symptoms such as
shortness of breath, heat intolerance, and palpitations may
be present. Characteristically, no goiter or Graves’ ophthal-
mopathy are detected. There is an elevation in serum FT4
or free thyroxine index (FT4I), a suppressed or undetectable
serum TSH and no markers of thyroid autoimmunity.
Serum TT3 is slightly elevated in less than 20% of aﬀected
w o m e n .U n t i laf e wy e a r sa g o ,as u p p r e s s e ds e r u mT S H
was considered diagnostic of THHG in spite of a normal
serum FT4. With the improvement in the sensitivity of
immunoassay techniques, the serum TSH in normal ﬁrst
trimester of pregnancy could be as low as 0.03–0.08mIU/L
secondary to the thyrotropic activity of hCG; indeed, there
is an inverse relationship between serum levels of hCG and
TSH,andserumTSHexhibitamirrorimagetothehCGpeak
(Figure 3).
The development of hyperthyroidism is most likely due
to the thyrotropic action of hCG, its thyroid-stimulating
activity as shown in bioassays in mice, rats, chicks, and men
[18]. hCG stimulates iodine uptake and adenylate cyclase,
andDNAsynthesisinculturedratthyroidcells.Thesestudies
demonstrated unequivocally that hCG activates the TSH
receptor and is a weak thyrotropin. The thyrotropic activity
ofhCGisinﬂuencedbythemetabolismofthehCGmolecule,
particularly by the number and structure of the oligosaccha-
ridesidechains.Deglycosylationand/ordesialylationofhCG
enhanceitsthyrotropicpotencyinrat(FRTL-5)thyroidcells.
As discussed by Yoshimura et al. [19] the thyrotropic activity
of hCG is regulated by two factors: the amount of desialy-
lated hCG produced from trophoblast cells and its plasma
half-life. hCG molecules that are less sialylated activate
the TSH receptor to a greater extent, as has been reported
in patients with the syndrome of THHG [20]. In bioassays,
hCG is only about 1/104 as potent as human TSH during
normal pregnancy; it is likely that the thyrotropic activity
of hCG during this peak secretion overrides the normal
operation of the hypothalamic-pituitary feedback system
[20].
Kauppila et al. [21], in 1979, reported on women with
hyperemesis gravidarum, and how their serum hCG concen-
trations compared to those in a group of normal pregnant
women. The 42 women with hyperemesis gravidarum were
compared to 115 women with normal pregnancies during
various periods in the ﬁrst 20 weeks of pregnancy. In women
withhyperemesisgravidarum,comparedtonormalpregnant
women of matched gestational age, their mean HCG con-
centrations were higher at 7-8 weeks, 9–11 weeks, and 12–
14 weeks, but there was no diﬀerence found between the
meanserumsconcentrationswhenwomenweretestedat15–
20 weeks. The authors suggested a causal relation between a
high serum HCG concentration and HG.
Kennedy et al. [22]a n dK i m u r a[ 7] reported on patients
with HG whose serum contained an activity, which stimu-
lated cyclic AMP (cAMP) accumulation in cultured human
thyroid cells and cultured FRTL-5 cells, but the authors were
unable to identify the thyroid stimulator. The thyroid stim-
ulating properties of the sera were immediately abolished
by addition of anti-hCG antibody [7]. Several investigators
suggested that Asialo-hCG with higher thyrotropic bioac-
tivity was the cause of the syndrome, explaining the poor
correlation between HCG serum concentrations and clinical
symptoms reported in some studies [9, 23, 24]. Jordan et al.
[25] suggested that more acidic isoforms of hCG with longer4 Journal of Thyroid Research
half-life might result in more robust thyrotrophic eﬀects in
women with hyperemesis.
The ﬁrst clinical description of an association between
HG and hyperthyroidism was reported in 1978 by Bruun
and Kristoﬀerson [26]. The authors ﬁrst considered the
possibility of a related cause for the symptoms of hydatidi-
form mole and hyperemesis gravidarum and studied thyroid
functiontests.Theyfoundthatinbothconditions,thereisan
accompanying increase in serum hCG concentrations. Their
ﬁndings that thyroid function abnormalities varied with
hCG concentrations when compared to normal pregnancies,
and opened the door to further clinical studies of hCG as a
cause for the thyrotoxicosis that accompanies hyperemesis.
They studied 35 women with HG, 14 with hydatidiform
mole, and 57 normal pregnancies, as controls. They reported
high values of protein binding iodine (PBI) in most patients
with hydatidiform mole and in almost one third of HG
women; in addition, they noticed lower serum cholesterol
levels. They concluded “that there may be a common
cause of the thyroid stimulation in patients with mole and
hyperemesis.” Soon thereafter, several reports of isolated
or few cases of hyperthyroidism and HG were reported,
showing the diagnostic challenges presented to physicians in
the diﬀerential diagnosis from Graves’ hyperthyroidism and
the diﬃculties in management. In 1980, Valentine and Jones
[27] demonstrated a case of a patient that began to establish
thetransient,self-limitingnatureofhyperemesisgravidarum
as well as the diﬃculty in establishing a deﬁnitive diﬀer-
ential diagnosis from Graves’ hyperthyroidism. The patient
was treated with intravenous ﬂuids to correct her severe
dehydration. After developing pyrexia and tachycardia, her
thyroid parameters were tested. She had an elevated FT4
index (FT4I) and long-acting thyroid stimulator (LATS),
later recognized to be thyroid stimulating immunoglobulins
(TSI), was negative; she was diagnosed with thyrotoxic
crisis at 13 weeks’ gestation and treated with carbimazole
(CZ), propranolol, and Lugol’s solution to normalize her
thyroid function. The authors commented on several reports
in the literature of patients with vomiting as the “cardi-
n a ls y m p t o m ”o ft h y r o t o x i c o s i s[ 28]. Dozeman et al. [29]
reported one patient during two pregnancies with severe
HG (hypokalemia and abnormal liver tests), with similar
clinical outcome, treated with ATD during the ﬁrst but not
during the second pregnancy, with normalization of thyroid
tests at about the same gestational age; the authors diagnosis
in the ﬁrst pregnancy was Graves’ hyperthyroidism and
silent thyroiditis in the second pregnancy. Another case of
two pregnancies in a patient with negative antibodies was
reported with the same diagnostic dilemma as in previous
cases [30].
By 1982, the ﬁrst series speciﬁcally seeking to show the
prevalence of hyperthyroxinemia accompanying HG (for
purposes of this study, deﬁned as irresistible vomiting for
several weeks accompanied by a reduction in weight) was
examined [31], showing that in 73% of 33 consecutive preg-
nancies complicated by hyperemesis gravidarum patients
had some degree of hyperthyroxinemia, as determined by
FT4I elevation. Important observations were pointed out by
the authors: (a) serum FT3 was elevated in only 4 of 11
patients in whom FT3 was measured, (b) a blunted response
to TRH test was seen in 5 hyperthyroxinemic women tested,
(c) goiter, exophthalmos, or previous history of hyperthy-
roidism was absent in all patients, (d) a lower birth weight
was observed in children born to hyperthyroxinemic moth-
ers (3166 ± 501gm, mean ± SD; n = 19) versus pregnancies
not complicated by HG (3420 ± 501gm; n = 828) (P<
0.01), ﬁndings not related to the use of ATD therapy,
and (e) six mothers were treated with methimazole until
normalization of thyroid tests, mean of 17 days with a range
o f8t o3 3d a y s ,a sc o m p a r e dt o1 9d a y s ,r a n g e6t o4 6d a y s ,i n
those women not receiving ATD therapy.
Juras et al. [32] reported an increased serum reverse Tri-
iodothyronine (rT3) in women with HG, as compared to
control women, suggesting an enhanced peripheral conver-
sion of T4 to rT3, later conﬁrmed by other studies [33, 34].
Elevation in serum nonesteriﬁed fatty acids (NEFA) and rT3
were postulated as protection against further weight loss and
lipolysis [33].
A study of 10 HG patients in 1984 showed the great vari-
ability in thyroid parameters that accompany hyperemesis
gravidarum [34]. Approximately half of the patients had
both abnormally elevated serum FT4I and elevated reverse
T3 (rT3) levels, or blunted TRH response, representing
a THHG prevalence of approximately 50% among hyper-
emetic women. Peak TSH response to the thyrotropin releas-
ing hormone (TRH) test inversely correlated to serum hCG
concentrations, while no correlation was found between rT3
levels and TSH response. The lack of elevated FT3I in the
patientscouldalsobearesultofthesameT4toT3conversion
blockade responsible for elevated rT3 levels due to reduced
caloric intake. Though ATD therapy was not pursued, all
women delivered normal term infants.
A series of 25 HG patients [35] in 1986 included ten
patients, 40% of them, developing THHG, deﬁned as ele-
vated FT4 concentrations, all of whom also had blunted re-
sponses to TRH stimulation test and rT3 concentrations
elevatedabovethereferencerange.Afurthersixpatientswho
had FT4 concentrations within the reference range also had
bluntedTSHresponsetoTRH,includingfourwithresponses
as blunted as in the thyrotoxicosis patients. No ATD treat-
ment was given, and all thyrotoxic patients’ thyroid parame-
ters resolved spontaneously.
In 1987, a THHG prevalence of 43.6% was reported in a
seriesof39patientswithHG[36].Therewasalsoevidenceof
abnormal liver function in some patients. There were similar
pregnancy outcomes between the thyrotoxic and euthyroid
HG patients, with a slightly elevated incidence of iron
deﬁciency anemia among the thyrotoxic group. Two patients
had persistent hyperthyroidism and were treated with ATD
therapy.
In 1992, the largest series of HG women with hyper-
thyroidism was published [5]. Of the 67 HG patients 66%
of them had biochemical hyperthyroidism, deﬁned as either
FT4I higher than the upper range of normal (N = 39), or
a TSH less than 0.4mU/L (N = 60), Twenty of the patients
hadundetectableTSHlevels,<0.04mU/L.Forty-twopercent
of women had abnormal liver function tests and 6% of
them had an elevation in serum amylase titers. AbnormalJournal of Thyroid Research 5
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Figure 4: Relation between the severity of vomiting and serum concentrations of TSH, free T4, and hCG (mean + SE). Hormone
concentrations diﬀered signiﬁcantly between each group of patients except as indicated by NS Goodwin et al. [13].
electrolytes, hyponatremia, hypokalemia, and elevated bicar-
bonate levels were found in 28% of cases, mostly related to
the degree of dehydration due to vomiting. FT3I elevation
was detected in only 6 women related to severity of the
reported vomiting. No patient received ATD therapy, and all
had spontaneous resolution of vomiting in no more than 18
weeks gestation. In all cases, biochemical hyperthyroidism
normalized by the time vomiting ceased; however, in seven
cases, vomiting continued for two to fourteen weeks after
normalization of thyroid function. From those same 67
patients, a series of 57 HG patients were selected and com-
pared to 57 controls matched for gestational age and parity
[13]. The authors divided the 57 women in four groups: no
vomiting (n = 30), mild vomiting (n = 27), hyperemesis
gravidarum (n = 38), and severe hyperemesis gravidarum
(n = 19). Mean serum concentrations of hCG, FT4,
estradiol, and prolactin (PRL) were all elevated in the HG
groups.InFigure 4, the relationship between the severities of
vomitingasindicatedbyclinicalandbiochemicalparameters
and the degree of thyroid dysfunction is shown. More severe
vomiting was associated with a greater degree of thyroid
stimulation and greater concentration of hCG. Serum from
patients with HG was bioassayed for thyrotropic activity in
thyroid cell culture, demonstrating a signiﬁcant correlation
between the serum concentration of hCG and the iodine
uptake (Figure 5).
In 1993, Kimura et al. [7] studied 51 pregnant women
divided into three groups based on the severity of their
emesis symptoms, similar to the Goodwin et al. [13]
protocol, their results conﬁrmed previous ﬁndings of high
serum FT4 and suppressed TSH, and high serum FT3 values
in a few women. Interestingly, most of the patients in the
emesis and hyperemesis group had undetectable serum TSH
(<0.01mIU/L). One diﬀerence in their study was that levels
of hCG were not statistically diﬀerent in the 3 groups. Two
of the women in the hyperemesis group, who had both the
highest FT4 concentration and thyroid-stimulating activity
to hCG ratio, had clinical symptoms of thyrotoxicosis,
which resolved as thyroid-stimulating activity and FT4 levels
normalized. The authors suggested that a molecular variant
ofhCGwithhigherthyrotrophicactivitywasthecauseofthis
syndrome.
Increased risk of THHG by ethnicity was evaluated by
several investigators; among 294 South Asian women, from
Pakistan, Bangladesh, or India, suppressed TSH concentra-
tions < 0.35mIU/L were found in 15.7%, compared to 4.8%
of 292 age and parity-matched European women, suggesting
that South Asian women may be at higher risk for gestational6 Journal of Thyroid Research
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P<0.001 Goodwin et al. [13].
thyrotoxicosis [37]. However, with the use of more sensitive
assay for the determination of serum TSH, some of the
patients with serum TSH < 0.35, considered “suppressed”
by the authors could have had normal values. The higher
prevalence by ethnicity was conﬁrmed by other studies [38].
A review of previous series and a case report was under-
taken in 2000, conﬁrming that THHG generally resolves by
18 weeks’ gestation without ATD treatment and without
complicating the outcome of the pregnancy. The author
suggested four clinical criteria for the diagnosis of HGGT:
(1)abnormalthyroidfunctiontestsdevelopinginthecontext
of HG, (2) no evidence of prepregnancy hyperthyroidism,
(3) absence of physical examination ﬁndings consistent with
hyperthyroidism, and (4) negative thyroid autoantibodies
titers [39].
A female predominance among the oﬀspring of mothers
with HG was reported by Deruelle et al. [40]. Of the 33
patients admitted with HG, 23 of them (66.7%) had THHG.
The authors speculated about the involvement of hyperthy-
roidism and fetal sex in the pathogenesis of hyperemesis
gravidarum.
Panesaretal.[41]attemptedtodeterminethecausalrela-
tionship between hCG and thyroid hormones in causing HG
inChinesewomen.Agroupof58HGwomenwerecompared
to a gestational-age-matched group of 58 pregnant controls,
and it was found that maternal age and all hormones were
signiﬁcantly diﬀerent between the hyperemetic and control
groups. Only FT4, sensitive TSH (sTSH), and maternal age
were found to be signiﬁcant independent variables.
In 2002, a study was done of 53 Asian women, from Sin-
gapore, who presented with HG and was later found to
have accompanying hyperthyroidism [42]. Five had Graves’
disease, and nine were excluded because of incomplete
followup. In the remaining 39 women, none had clinically
hyperthyroidism; there was a high incidence of abnormal
electrolytes (60%) and abnormal liver function tests (56%).
Without ATD therapy, FT4 levels normalized by 15 weeks’
gestation, and TSH levels normalized by 19 weeks. There
were no preterm deliveries, and a median birth weight of
2970g, with a male-to-female ratio of 3:1. Birth weight was
lower in mothers experiencing a weight loss of >5% of their
prepregnancy weight, as compared to women who did not,
however the diﬀerence was not signiﬁcant (P = 0.093).
A case was reported in 1996 of a single patient with HG
in three successful pregnancies, accompanied by THHG in
at least the latter two, which resolved spontaneously by the
second trimester. In this patient, symptoms of nausea and
vomiting as well as thyroid function normalized by 16.5
weeks gestation [43].
3.3. Multiple Pregnancies. Gr¨ un et al. [44]d e s c r i b e dh y p e r -
thyroidism in women with twin pregnancy, due to a much
higher and more sustained peak of hCG. They collected 30
euthyroid women, in whom conception had been assisted by
invitrofertilizationtechniques,whichallowedfortheprecise
determination of gestational age, with 17 single pregnancies
and 13 twin pregnancies. The peak hCG concentration
between 8–11 weeks was signiﬁcantly higher and much more
prolonged in twin compared to single pregnancy (mean
± SE 171,000 ± 12,500 versus 65,500 ± 7600U/L; P<
0.001). Serum TSH values were lower and in 4 women serum
FT4 were in the hyperthyroid range. None of the women
complained of nausea or vomiting. Higuchi et al. [45]
reported a triplet pregnancy, post-IVF treatment, developing
hyperemesis at 6 weeks gestation, losing 14% of her original
body weight at 9 weeks gestation. Hyperthyroidism was
diagnosed at 12 weeks’ gestation, without evidence of
autoimmunity. hCG titers were 359,900mIU/L (expected
between 12–20 weeks, less than 192,766mIU/L). Vomiting,
palpitationsandheadachedidnotresolveandshewastreated
withdailyoralLugol’ssolutionfrom13weeksgestation,with
alleviation of symptoms and improvement of thyroid tests; it
was discontinued at 19 week’s gestation. Thyroid tests were
within normal limits in the triplets at birth and at one year
of life.Journal of Thyroid Research 7
3.4. Hyperplacentosis. It is a condition of heightened tro-
phoblastic activity characterized by increased placental
weight and circulating hCG levels that are higher than those
associated with normal pregnancy [46]. It may occur in
association with diabetes, erythroblastosis, multiple preg-
nancies, and thalassemia. Clinically, it is characterized by
tachycardia, heat intolerance, nausea, vomiting, and pruri-
tus. The authors reported the ﬁrst case in the literature of an
association of hyperplacentosis and hyperthyroidism. When
seen at 17 week’s gestation, the patient had some nausea
and vomiting but had gained weight normally throughout
pregnancy. There were no signs of Graves’ disease. Serum
FT4 and FT3 were elevated and serum TSH was less than
0.3mIU/L.Pregnancywasterminatedoneweeklaterbecause
of a nonviable fetus. The placenta weight was 219g (normal
for gestational age 140–150g) with histological ﬁndings con-
sistent with Hyperplacentosis. The patient received medical
therapy for a few days before the termination of pregnancy,
with worsening of hypermetabolic symptoms, suggestive of
thyroid storm, a day before surgical procedure. Thyroid
tests returned to normal within several days and β-hCG
normalized in within two months.
3.5. Hyperreactio Luteinalis. A rare condition characterized
by pregnancy-associated ovarian enlargement due to the
presence of multiple theca-lutein cysts discovered inciden-
tally at the time of ultrasound, cesarean section, or postop-
erative tubal ligation, with the vast majority of cases asymp-
tomatic.Ghermanetal.[47]reportedacaseofawomanwith
intractable hyperemesis gravidarum, when seen at 27
weeks’ gestation; she had thyroid tests consistent with
hyperthyroidism and negative markers of thyroid autoim-
munity. Because of severe vomiting, a 15kg weight loss
and dehydration, total peripheral nutrition was started,
but discontinued one week later because of hypotension
due to sepsis. Thyroid and liver tests normalized 9 days
after hyperalimentation was started. An additional ﬁnding
was virilization with high androgens levels diagnosed after
delivery.
3.6.FamilialGestationalHyperthyroidismCausedbyaMutant
Thyrotropin Receptor Hypersensitive to Human Chorionic
Gonadotropin. In 1998 [48], a case was reported of a woman
and her mother with an inheritable mutation of the thyroid
TSH receptor, enhancing the thyrotropic inﬂuence of hCG.
As a result, while the women had normal hCG levels during
pregnancy, she developed severe nausea and vomiting,
weight loss, persistent tachycardia, sweating, and hands
tremor. Serum FT4 was elevated and serum TSH was unde-
tectable. No antibodies (TPO or TRAb) were detected in
serum. She required PTU therapy until 38 weeks gestation. A
second pregnancy resulted in similar symptoms and course
of treatment. The mother had had a similar medical history
in her only full-term pregnancy. Both mother and daughter
were heterozygous for a missense mutation, the K183R, in
the extracellular domain of the thyrotropin receptor, highly
sensitive to hCG, explaining the clinical picture in both
mother and daughter.
3.7. Trophoblastic Diseases: Hydatidiform Mole and Chorio-
carcinoma. Hyperthyroidism has been reported in patients
with trophoblastic tumors, either mole or choriocarcinoma.
The incidence of hydatidiform mole has been reported
to be between 0.5 and 2.5 per one thousand pregnancies
[49]. The clinical presentation is characterized as vaginal
bleeding suggesting threatened abortion. No fetal tissue is
present, but the uterus is enlarged, larger than gestational
age. Hyperemesis has been described in 20% of women
with a high incidence of preeclampsia or eclampsia, before
the time of ultrasonography as a diagnostic tool. The
diagnosis is made by ultrasonography, demonstrating a
“snowstorm” appearance without a fetus. With the use of
routine sonography early in pregnancy for gestational age
conﬁrmation, and earlier pregnancy diagnosis, many of the
reported complications are avoided. In a series comparing
mole diagnosis in the period between 1965 to 1975 and 1994
to 1997, evacuation of the mole was at 17.0 weeks versus 8.5
weeks, respectively, [50].
In1955,Tisneetal.[51]reportedtheﬁrstcasesofclinical
and chemical hyperthyroidism in pregnant women with
hydatidiform mole. The authors showed elevated radioactive
iodine thyroid uptake in women with molar pregnancy
as compared to normal pregnancy; one of their patients
with a mole pregnancy had hyperthyroid symptoms. Soon
thereafter, several investigators reported laboratory evidence
of hyperthyroidism in women with molar pregnancy, with
normalization of thyroid tests and reversal of hyperthyroid
symptoms following evacuation of the mole. In 1963, Odell
et al. [52] described a group of 93 patients with choriocarci-
noma, seven of them with thyroid tests in the hyperthyroid
range, but interestingly, none of them have symptoms or
signs of hyperthyroidism. Thyroid tests returned to normal
after evacuation of the mole. The authors found in the
plasma of two of their patient’s elevated thyrotropic activity
by bioassay as well as in the extract of the tumor.
Hershman and Higgins [53]r e p o r t e dt w oc a s e so fs e v e r e
hyperthyroidism, one of them complicated by congestive
heart failure, in patients with hydatidiform mole, and
demonstrated for the ﬁrst time thyrotropic activity in
the molar tissue. This stimulator diﬀered biologically and
immunologically from the other three human stimulators:
pituitary thyrotropin, chorionic thyrotropin found in nor-
mal pregnancies, and the long-acting thyroid stimulator
(LATS) described by McKenzie in Graves’ disease. The
authors speculated that an excessive amount of the extracted
molar stimulator was responsible for the hyperthyroidism
in both patients that resolved following surgical extirpation
of the moles. Galton et al. [54] reported the same year
thyroid tests done in 11 patients, before and following the
extraction of a molar pregnancy. They conﬁrmed previous
studies by Dowling et al. [55] that called attention of the
striking abnormalities in several aspects of thyroid hormone
economy in three patients with molar pregnancy. Consistent
elevations in serum PBI, 24 hours 131 Iodine thyroid uptake,
and serum total and free thyroxine were seen in the patients
as compared to normal pregnant control patients. The
prevalence of thyrotoxicosis in patients with trophoblastic
tumors was reported to be close to 50% in some studies;8 Journal of Thyroid Research
Table 2: Hyperthyroidism and pregnancy clinical clues in the dif-
ferential diagnosis.
Gestational Graves’
Symptoms prepregnancy − ++
Symptoms during pregnancy −/+ +/+++
Nausea/vomiting ++++ −/+
Goiter/ophthalmopathy − +
Anti-TPO/TSHRAb − +
TT3/TT4 ratio <20 >20
nowadays, with the ability of early detection of the disease,
the incidence is much lower although still reported.
The diagnosis of trophoblastic disease is conﬁrmed by
ultrasonography and the presence of high levels of the β-
subunit of hCG [3] that serves as a marker for the tumor.
Therapy of hyperthyroidism is not indicated in the vast
majorityofcases,sinceevacuationofthemoleorchemother-
apy for management of choriocarcinoma removing high
levels of hCG cures the hyperthyroidism. In those cases of
severe symptoms, Lugol’s solution, IV iodine, β-blocking
agents and sometimes TD are indicated. A case of thyroid
storm was reported [56].
3.8. Hyperemesis Gravidarum in Women with Graves’ Disease.
Women diagnosed with Graves’ hyperthyroidism before
pregnancy and in remission may have a ﬂare up of the
symptoms during the ﬁrst trimester, secondary to the hCG
and TRAb stimulating eﬀect on the thyroid TSH receptor.
The situation may be further complicated by the presence
of severe vomiting in women with a previous diagnosis
of Graves’ hyperthyroidism. Tagami et al. [57] studied 39
pregnancies in 334 women with Graves’ disease. Ten of
the women (26%) had an episode of gestational hyperthy-
roidism; thyroid function tests, antibodies determination
and measurement of hCG are of relative value in the
diﬀerential diagnosis, because there is signiﬁcant overlap
between the two groups. A high T3/T4 ratio could be of
diagnostic value, favoring Graves’ hyperthyroidism when the
ratio is >20.
4. Clinicaland LaboratoryDiagnosis
One of the most challenging situations in the presence of
hyperthyroid thyroid tests early in pregnancy, is in the dif-
ferential diagnosis between hCG induced hyperthyroidism
and Graves’ hyperthyroidism. Since the ﬁrst recognition of
the association between HG and hyperthyroidism, several
small series (less than 100 patients each) have been reported.
The most important tools in the evaluation of women
with hyperthyroidism in the ﬁrst trimester of pregnancy
are a careful history and detailed and targeted physical
examination. From all publications reviewed, a clear picture
had developed both from the physiopathological and clinical
point of view. These can be summarized as follows:
(1) a previous healthy woman presents by the 4–9th
weeks’ gestation with hyperemesis gravidarum, man-
ifested by severe nausea, vomiting, and weight loss.
(2) depending on the severity of dehydration, hospital-
ization will be required in a signiﬁcant number of pa-
tients.
(3) in up to 70% of patients, laboratory tests are con-
sistent with hyperthyroidism, diagnosed by a sup-
pressedorundetectableserumTSHwithanelevation
of serum FT4. Serum TT3 is rarely necessary to con-
ﬁrm the diagnosis. Very few patients have clinical
hyperthyroid manifestations. Serum HCG concen-
trations are not helpful as a diagnostic tool, with
few exceptions (hydatidiform mole and choriocarci-
noma).
(4) the following features deﬁne the diagnosis in most
patients and assist the physicians in the diﬀerential
diagnosis from Graves’ hyperthyroidism (Table 2):
(a) medical history:
(i) absence of hyperthyroid symptoms before
conception,
(ii) similarhistoryofvomitinginpreviouspre-
gnancies,
(iii) family history of Hyperemesis Gravidar-
um,
(iv) no previous history of thyroid disease,
(b) physical examination:
(i) no goiter,
(ii) no Graves’ ophthalmopathy,
(iii) no other physical ﬁndings such as vitiligo
and Plummer’s nails,
(iv) signs of dehydration,
(c) laboratory tests:
(i) FT4 or FT4I elevated,
(ii) TSH suppressed or undetectable,
(iii) negative thyroid antibodies: TPO and
TRAb,
(iv) determination of TT3 or FT3 indicated
when strong suspicion of Graves’ hyper-
thyroidism or presence of a dominant thy-
roid nodule,
(v) the incidence of reported transient elec-
trolytes abnormalities is about 60% and
liver abnormalities about 50% of patients,
(vi) abdominal ultrasound to rule out multiple
pregnancies or the presence of a hydatidi-
form mole,
(vii) thyroid ultrasonography: data not avail-
able in the literature,
(5) in the vast majority of situations, vomiting subsidies
after 14–18 weeks gestation,
(6) serum FT4 returned to normal by the 15th week ges-
tation or before,Journal of Thyroid Research 9
(7) serum TSH may remained suppressed well into the
end of the second trimester,
(8) obstetrical complications do not appear to be signiﬁ-
cant. The only consistent ﬁndings reported in several
publications is a lower birth weight as compared to
infants born to mothers not aﬄicted by the disease
and same gestational age. Low birth weight is related
to severity of vomiting and degree of weight loss and
is not correlated to the transient maternal hyperthy-
roidism [58].
5. Management
Hyperemesis gravidarum management includes intravenous
hydration, containing vitamin B complex, and nausea med-
ications: for women with persistent vomiting, signiﬁcant
weight loss, and presence of ketones in urine, hospitalization
is very frequently required. Parenteral nutrition or naso-
gastric feeding tube is required in a minority of aﬀected
women. One of the most devastating complications of HG,
although extremely rare, is Wernicke encephalopathy [59].
ATD therapy is not recommended, and no prospective study
is available comparing obstetrical outcome among women
receiving treatment and control group. Very few patients
from the published series were treated with ATD and showed
no beneﬁt from it. One of the clinical problems with
ATD therapy is the poor tolerability by patients, because
of the persistent vomiting and metal taste particularly of
PTU. In one occasion, PTU suppository was employed; the
hyperthyroidismresolvedby18weeksbutvomitingpersisted
andceasedat27weeks,3daysafterterminationofpregnancy
[60]. As mentioned above [45] ,o n ec a s eo fs e v e r eh y p e r -
thyroxinemia in a triplet pregnancy the symptoms improved
with the combination of Lugol’s solution and PTU.
6. Summary
Transientnonimmunehyperthyroidismofearlypregnancyis
deﬁned as an episode of transient hyperthyroidism, without
evidence of thyroid autoimmunity, lack of Graves’ disease
physical ﬁndings, resolving spontaneously by the end of the
ﬁrst or early second trimester of pregnancy. Of the several
causes, hyperemesis gravidarum is the most common one.
The challenge for the attending physician is the diﬀerential
diagnosis from Graves’ disease. High levels of hCG or a hCG
molecule variant with high biological activity, stimulating
the TSH receptor induces hyperthyroidism. Consistent labo-
ratory ﬁndings are a suppressed of undetectable serum TSH,
an elevation in serum FT4 and negative tests for autoim-
munity (TPO and TRAb). Hyperthyroidism resolves with
cessation of vomiting by 14–16 weeks gestation although
serum TSH may remained suppressed for a few more weeks.
Fetal ultrasound is indicated to rule out other causes of
THHG, such as multiple pregnancies and trophoblastic
disease. ATD therapy is rarely indicated; treatment is based
on correction of hydration and electrolytes replacement.
Obstetrical outcome is not aﬀected, with the exception in
some series of lower infant weight at birth.
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